This paper presents a protection technique, named integrated all frequency protection, and put forward a design of this protection technique for half-wavelength AC transmission line. In this design, the integrated all frequency protection detects the frequency signals from measured wideband signals when faults occurred, and perform calculations based on the algorithms which integrate conventional power frequency protection algorithms and transient based protection algorithms. In this paper, the adaptabilities on half-wavelength AC transmission line of each mentioned protection algorithms have been analyzed, a coordination scheme has been designed based on the results, in which the algorithms are grouped into three operating groups: single-ended, multi-ended and backup protections, all of the protections complement each other, and implement the function of instant trip, accelerate trip and backup protection. The scheme provides an effective solution for the protection of half-wavelength AC transmission line.
Introduction
Recently, the global energy internet is developing rapidly, and the Half-wavelength AC transmission technology (HWACT) becomes one of the hottest research topics because of the characteristics of long transmission distance, large capacity [1, 2] . Since there are many different characteristics between the Half-wavelength transmission lines and the short ones, the relay protection technology still have some problems. The distance protections and the current differential protections are widely used on conventional high voltage transmission, and the transient based protection techniques are also researched adequately. However, whether these techniques can be used to protect Half-wavelength AC transmission line or not, still needs further researches.
Domestic and foreign scholars have done a lot of researches on HWACT protections and UHV long lines. Some scholars have done researches on fault current and voltage signal characteristics of Half-wavelength transmission line, and put forward the method of differential protection algorithm based on the Bergeron model [3, 4, 5] .Some scholars focused on the UHV long distance transmission line distribution parameters, they improved traditional grounding distance protection applied to long UHV long transmission lines [6] , years later, they made a further progress buy put forward a long line distance protection method based on Bergeron model [7] . In addition, transmission line relay protection and fault location method based on transient current traveling wave was researched by scholars [8, 9] . The use of phase-mode transform and wavelet transform provide tools for characteristic analysis of transient protection, on which some scholars researched the transient characteristics of UHV lines, and put forward a series of protection algorithms like the fault location algorithm based on traveling wave [10] , transient current protection [11] , two-terminal transient voltage protection [12] , and so on. Although there are more and more researchers have aim their goals on transient relay protection, the achievement of transient relay protection used in half-wavelength transmission line is rare to be reported.
This paper introduces a concept of Integrated All Frequency Protection, which is integrated by techniques of power frequency and transient principle, can be used to protect the Half-wavelength AC transmission. Based on different measurement of frequency, algorithms of the integrated all frequency protection can be divided into three groups of power frequency, mid-band and high-band of frequency, different algorithms can be used to provide instantaneous trip protection, accelerating protection or backup protection. Research shows that the proposed scheme is suitable for the protection of Half-wavelength AC transmission lines, where the single conventional power frequency protections are failed to provide reliable solution.
Analysis of Main Frequency Characteristic for Half-Wavelength AC Transmission Line
Simulate the three-phase to earth fault along the half-wavelength transmission line, the module value of measured impedance changes with the distance increasing: Figure 1 . The characteristic of measured impedance for half-wavelength AC transmission line.
As the Fig.1 shown, when the fault position increases along the line, the measured impedance is non-uniformly varied. It can be seen clearly that, the module value of the measured impedance will first increase until the maximum point on 1500km, then decrease to nearly zero. It is obvious that the range close to the middle of the half-wavelength AC transmission line will be the dead zone, and when the fault occurred outside of the line, the conventional distance protection will highly possibly incorrect operate. Therefore, distance protection with compensation should be considered, and the method is already mentioned in an article. The characteristic with compensation is shown in Fig.1 . It's clear that if the setting value is appropriate, the distance protection with compensation can protect the whole line effectively, and also avoid the incorrect operation.
The Differential Current Characteristics
Simulate the three-phase to earth fault along the half-wavelength transmission line, the characteristics of action current and restraint current changes as shown in the figure below: It is clear that, with the increase of the fault distance, the differential action current and restraint current is non-uniformly varied. The closer to both ends of the line, the bigger the currents is, except the first or last 200km for restraint current. When the fault occurred in the range closed to the middle of the line, the value of the action current is lower, almost be zero. And the action current is always lower than the restraint current except the first or last 200km, so the restraint coefficient may need to be smaller than 1, so as to compensate the action current.
At the same time, the dotted lines in the Fig.2 represent the value of action current and restraint current when fault occurred outside of the protected zone. They satisfy the requirement of the smaller action current and bigger restraint current when fault occurred outside of the protected zone.
Analysis of Transient Characteristic for Half-Wavelength AC Transmission Line
Since the half-wavelength AC transmission technique is still a kind of three-phase transmission techniques, the phases coupling with each other, and travelling wave components are not independent. So the travelling wave signals will first through the phase-mode transformation, and then wavelet transform to become the frequency band signals been needed. In this paper, the sampling frequency of analysis example is 100 kHz, so the bandwidth occupied is 0-50kHz. First transform the data with Clarke transform, then wavelet transform the linear mode component, to obtain the frequency domain signals of (0-3.625kHz), (3.625-6.25kHz), (6.25-12.5kHz), (12.5-25kHz) and . This paper will analyze the adaptability of Time Synchronizing and Transient Polarity Protection with mid-band signals of (3.625~6.25kHz), then analyze Boundary and Positional Protection with high-band signals of (25~50kHz).
Time Synchronizing Protection
Transient current wave forms of the faults occurred on the distance of 300km, 1500km, 2700km and outside of the line is shown below: It can be seen in the Fig.3 , the mid-band frequency transient current can be detected both on the head and the end of the line. It is the technology foundation of Time Synchronizing Protection based on global positioning system (GPS). Once the faults occurred, the GPS can mark the time scale when the transient wave arrived the measurement point. The time scales came from both sides of the line can be compared through communication channels, then the fault location can be found, the tripping command can also be send at the same time. However, from the Fig.3 above, the Time Synchronizing Protection cannot distinguish between remote faults and ones occurred outside of the line.
Transient Polarity Protection
According to the Fig.3 , it is also obviously that, when the faults occurred on the half-wavelength AC transmission line, no matter where the fault occurred on, the polarities of transient currents detected on the head and the end of the line are reversed. Once the fault occurred outside of the line, the measured polarity will be in the same direction.
Therefore, transient polarity algorithm can be used to divide the protection of the half-wavelength transmission line, although the requirement of communication channels is very strict, like the Time Synchronizing algorithm. 
Positional Protection
The characteristic of the high-band frequency transient current signals is shown below: The above Fig.4 shows that, the transient current waves which reflected by the fault point and the remote bus can be easily distinguished, then the positional protection algorithm can confirm the fault location. The precision of fault location is proportional to the sampling rate, then if the sampling rate is high enough, the positional protection algorithm will offer the advantages of combining the fault location and protection.
Boundary Protection
The boundary protection is a kind of single-ended transient protection based on high-band frequency current, needs no communication to equipment. The basic idea of boundary protection is to use the differences of degree of attenuation between the mid-band and high-band frequency signals. The criterion of the boundary algorithm is shown below:
S is the transient energy of the high-band frequency signal in the time window, and S is of the mid-band frequency, k is attenuation coefficient. It is obviously that consider the k = 1, when faults occurred inside or outside the half-wavelength transmission line, the transient energy will be very different. The boundary protection can be used to provide the whole line's protection, and avoid the faults outside the protection zone. 
The Scheme of Integrated All Frequency Protection

The Principle of Integrated All Frequency Protection
To protect the half-wavelength AC transmission line quickly and safety, a scheme of integrated all frequency protection can be considered. As the block diagram in Fig. 6 shows. A multi-filter unit will divide the measurement voltage and current signals into three frequency bands, the power frequency, mid-band frequency and high-band frequency. Each of the frequency band depends on the system configuration and associated parameters, in this paper the power frequency is 50 Hz, the mid band frequency ranges between 3.625 kHz to 6.25 kHz and the high band 25 kHz to 50kHz. Then the three groups of frequency signal can be used by algorithms of different protection principle, and the algorithms working respectively. The protection zone of the half-wavelength AC transmission line can be covered effectively by the groups of protection algorithms. In all the various protection principles of the integrated all frequency protection, protection algorithms which use the power frequency signal mainly include the distance protection and current differential protection, the mid-band and the high-band frequency signal mainly used by traveling wave protection, time synchronize protection, polarity protection, boundary protection and positional protection.
The Scheme of Integrated All Frequency Protection
The integrated all frequency protection technique consists of protection principles based on various bands of frequencies, therefore, to ensure the protection correct operation, the coordination among the algorithms are very important. According to the researches for the adaptability of protection principles on the half-wavelength AC transmission line, the integrated all frequency protection can be divided into three stages: single-ended protection, multi-ended protection and backup protection. Single-ended protection: since the characteristic of distance protection with compensation is basically linear, so when the fault current is detected, the distance protection with compensation can protect 10%~90% of the half-wavelength transmission line, accompanied by the difficult of threshold value setting caused by the small slope of the characteristic. But the protection principles basic on transient current have the advantage of easily detected faults occurs on 99% range of the line, which is also under the influence of fault characteristics of half-wavelength transmission line, the fault transient current on the middle of the line is relatively small, at the same time the dead zone of transient protection still existed when the current across the zero point. Therefore, the distance, the boundary and positional algorithms can be combined to one fast tripping protection, in which the distance algorithm make the trip decision first, and the boundary and positional algorithms provide secondary protection.
Multi-ended protection: as a result of the ultra-long distance of the half-wavelength transmission line, the communication time delay and the synchronization will in the face of problems. Therefore, protection algorithms based on communication channels cannot cut off faults quickly enough. But the differential algorithm can provide emphatic protection on the faults occurred in 30% of the line length to the head or the end, and the transient algorithm based on time synchronization can protect the whole line accurately. So the differential and the time synchronize protection can be used to provide accelerated protection.
Backup protection: the backup protection mainly includes the transient protection based on polarity comparison, although communication channels are also required, the communication requirement is low since only simple signal is needed. This stage of protection can be the backup of the single-ended and multi-ended protection because of the problems of reliability.
Conclusion
This paper puts forward a scheme of integrate all frequency protection for half-wavelength AC transmission line, the scheme based on broadband transient signal detection, and integrate the advantages of power frequency and transient protection techniques. The protection algorithms are grouped into three stages for single-ended, multi-ended and backup protection respectively. Algorithms with different features can be coordinated and supplement each other, so as to offer the best strength of each algorithm, make the scheme be optimal performance.
The paper simulated and analyzed the adaptability of the integrate all frequency protection on the half-wavelength AC transmission line, the result shows that each of the algorithms have advantages and disadvantages, so that in theory the scheme of integrate all frequency protection can implement the fast tripping protection which covers almost full length of the line, also the accelerate protection based on current differential and time synchronization which defense the faults occurred remote of the line.
